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INTRODUCTION
During the last decades, the growth of welfare has led to the growth of the materials used to meet everyday needs. The use of plastic materials has been increased drastically, most commonly plastic bags and bottles. Despite the improvements made in the production of plastic materials, their volume has increased significantly and causes many environmental problems, which are associated with their very slow time of degradation. In recent years the EU policies have focused mainly on three areas: reduction, reuse and recycling. Recycling is a challenge to society and the chemical industry. Given the fact that most of the plastic materials belong to the thermoplastic category, they can be mechanically recycled. For other plastic materials the application of chemical recycling is not widely used because of its high cost [1, 2] .
During the recycling process, plastic materials lose many of their properties, both as a consequence of oxidative processes, and due to the incorporation of foreign materials in their structure, which is a result of their inefficient separation. Functional additives in the polymeric structure are generally used to recover their properties during the recycling process. These additives, however, affect of physicochemical and engineering properties of the plastic materials, as well as in their appearance [3, 4] .
MATERIALS AND METHODS
The plastic materials used in this study are one sample of virgin polyethylene and two samples of recycled polyethylene (blue and white, semitransparent). Both samples are in the form of granules, a form that is used in the Albanian market for the production of plastic bags. For each of the three samples 6 recycling stages were applied. For each stage the physicomechanical properties were determined. For recycling the micro-pilot method was used, which is based on a modified melt flow index apparatus (MFI) and a Fritsch Cutting Mill Pulverisette 15. The temperature used for the MFI instrument is 200 0 C, the force exerted is 2.16 kg and the amount of polyethylene used was 4 gr. Polyethylene fibers were obtained with diameters ranging between 1.5-2mm.
Initial spectroscopic characterization was performed with FTIR and Raman, both prior and after recycling, and the observed changes are shown in the corresponding spectra (Figs. 1-3 ). Most changes are due to the presence of additives in the recycled materials. FTIR and Raman spectra were taken from polymer pellets weighted 20-30 mgr and with diameter of 13 mm. They were formed in 180 0 C temperature (more than 20 0 below polymer glass transition temperature) and pressed in pellet form under 1 ton pressure with the help of a Perkin Elmer hydraulic press [5] . Crystallization of the pellets was carried out at room temperature.
The FTIR and Raman instruments used in the study are respectively a Perkin Elmer GX1, equipped with the 'Spectrum' software, and a Renishaw RamaScope RM1000 Raman microspectrometer with a laser with radiation wavelength of 633 nm (red) equipped with a Leica DMLM optical microscope. The resolution of the FTIR instrument was 4cm -1 and the recorded wavenumber range was from 400-4000 cm -1 (MID IR region). Each analysis is the result of the integration of ten individual spectra scans, in order to reduce noise. The wavenumber range for Raman spectra was from 450 -3500 cm
The measured physico-mechanical properties include density, specific gravity, melt flow index, yield strength and elasticity modulus, and tensile strength. Density was determined according to the ASTM D 792 standard and the melt flow index according to the ASTM D1183 standard with a 6MPa RayRan instrument. Both of these properties affect the recycling process of plastic materials [6] . The mechanical properties were determined by the 'uniaxial tensile test'. The tensile test was carried out with the instrument Model YG026B, with an axial attraction in one direction. The forceelongation diagrams obtained were converted in strain-stress diagrams in order to determine their mechanical properties in tensile strength, yield strength and elasticity modulus-taking into account the cross sectional area of fibers and their initial length.
RESULTS AND DISCUSSION
The samples of polyethylene were analyzed first in order to determine the additives in their structure. In Figs. 2-4 the FTIR and Raman spectra are shown, for all three samples of polyethylene. Raman spectra of colored and recycled polyethylene exhibit high fluorescence and therefore they are background-corrected. , and 749.5-723.33cm -1 are identified, that result from the absorptions of bonds C-H and C-C of polyethylene in the infrared region [7] Identification of additives in recycled polyethylene by FTIR spectra cannot be performed accurately due to the low intensity of the measured peaks and their overlap and, additionally, due to the small amount of additives used. Raman spectra from virgin polyethylene show, in addition to peaks from the vibrations of polar molecules, the vibration peaks of C-C non-polar bonds, which are the 1061 and 1127cm -1 modes. The Raman spectra of the two samples of recycled polyethylene samples introduce high backgrounds due to the additives and the coloration of the material, and therefore the bands of the polymeric material cannot be resolved.
Three polyethylene samples were recycled with the micro-pilot system and, for each recycling stage, some of their main physico-mechanical properties were measured. The results of the measurements for density, specific gravity, and flow index are given in the diagrams of Figs 4-6. The results for all three samples show a decrease of the specific gravity and the density of the material after each recycling stage, which is a result of the degradation of polyethylene. The increase of the flow index value is also a sign of degradation, since during the recycling process the molecular weight of polyethylene decrease, making it more susceptible to flow. The decrease of the values of specific gravity and density is more evident for two samples of recycled directly after the first stage. A fourth recycling stage generally results to a total degradation of the polymers.
From the load-elongation diagrams, the strainstress diagrams were also constructed, taking into account the cross section area of the samples as well as their initial lengths. From them, the mechanical properties were identified with the same procedure described in Callister [8] . To measure the mechanical properties we fabricated fibers, and at least three measurements were carried out in each fiber. The calculated results are shown on Tables  1-3 . From our results, a fluctuation of the values of the mechanical properties is observed. Due to degradation, we would accept a decrease in mechanical properties values, due to reduction of molecular mass. It is possible that in addition to the phenomenon of degradation during mechanical recycling, the mechanical properties of the samples also affect their molecular orientation. In this way, the polymeric chains are oriented in the direction along the length of the polymeric fibers, thus increasing their mechanical properties in this direction. In conclusion, the impact of recycling on the mechanical properties of polyethylene remains to be studied in higher precision with a two axes tensile test.
CONCLUSIONS
The spectroscopic characterization method of infrared vibration (FTIR) enables the accurate identification of polyethylene, even when it contains many additives or it is recycled. The definition of the additives themselves turns out to be difficult due to the low height compared to background of the peaks. For the identification of the additives complementary methods are also required, such as chromatography or NMR. Raman spectra enable accurate identification only in the case of pure polyethylene, because the background increases significantly when recycled polyethylene samples are measured. This is due to the presence of additives in the structure of polyethylene, but also depends on the number of recycling stages.
The physical properties of polyethylene decrease with increasing number of recycling stages, which is a result of their degradation and the reduction of their polymeric chain. Thus, degradation is more evident in the case of recycled polyethylene, because of their prior processing.
The variation of the measured mechanical properties shows that the negative impact of degradation already affects the axial orientation of the molecular polyethylene fibers. It also affects the uniformity of the mechanical properties of the polymeric fibers, but in this case it is necessary that additional measurements have to be made, e.g., a two-axes tensile test.
